A Contribution to the Study of Dosage in Radium Therapy.
Eighteen months ago, she was admitted to the cancer wards of the Middlesex Hospital. On admission, she was found to be somewhat wasted and pale. The left breast presented at the site of the nipple a small puckered ulcer covered with a dry crust; the surrounding skin was discoloured and the tissues invaded with growth forming a mass of superficial area 11 in. by 21 in., somewhat adherent to the chest wall.
Numerous cutaneous nodules of growth were found scattered over the head and trunk, ranging in size fromin. in diameter to minute nodules only palpable with difficulty. Upon the chest and abdomen in front thirty-nine nodules were found, upon the back forty-two. Several were present on the face, of which the patient was especially conscious as they interfered somewhat with the contraction of the facial muscles. Several large nodules were found on the scalp, giving rise to bald patches. No enlarged lymphatic glands were found, nor any evidence of other secondary growths.
Since the patient has been under observation, her general condition has much improved. The growth in the breast remained unaltered until radium treatment was applied: First application, 3 mg. for sixteen days; second application, 3 mg. for twenty-seven days; screen 1 mm. lead, area of application 40 sq. cm. After the second application a transient erythema was observed; this was followed by a falling off of the crust which covered the ulcerated surface. The skin over the growth was then found to be intact; the growth appeared to have diminished somewhat in size, in which condition it has since remained.
Since admission, many of the cutaneous nodules have disappeared under experimental applications of radium; on the other hand, many fresh nodules have appeared, and some of the original nodules have increased in size. A few nodules have appeared on the limbs, more especially on the thighs. No evidence of secondary growths in other situations has been found.
From the above description, it is seen that the case presents unusual features. The progress of the disease is very slow; the primary lesion, after seven years, remains very localized in the superficial tissues of the breast: numerous secondary growths are present, and these are entirely confined to the skin.
This type of cancer of the breast, though rare, has been several times described under such terms as " acute miliary carcinosis" and "disseminated scirrhus."
Pathologically the condition is said to be due to the early invasion of the lymphatics of the skin by a growth arising in the super-Section of Electro-Therapeutics ficial parts of the breast, and the subsequent spread of the growth over the skin of the whole body by means of the cutaneous lymphatics.
Histology -A small subcutaneous nodule from the back, on section, presented a scirrhus type of glandular carcinoma. Scattered through a moderately dense, fibrous, connective tissue were small elongated cell masses. These consisted of pencils of undivided and undifferentiated or very finely granular protoplasm, contaiining numerous large, oval, not very granular nuclei (see fig. 1 ). In many cases these cell masses were seen to be lying in lymphatic channels (see fig. 1 ). The connective tissue contained few cells, chiefly fibroblasts and tissue lymphocytes. The Action of Radiumn Rays upon the Skin.
The skin changes resulting from exposure formed a progressive series, and are conveniently described under the following headings, given in the order in which they made their appearances: Erythema, cedema, scaliness, pigmentation, blister formation, dry exudation, moist surface, haemorrhage, healing, hair destruction, leucoderma, and enlarged venules. jy 4b
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Erythema varied from a faint pink to a deep dusky coloration. It was often the only skin change following exposure to radium, and in no case have other skin changes been observed not preceded by erythema.
aEdenza.-In a few cases a transient cedema was observed six hours after exposure, more especially when intense sources of gamma rays were employed. Scaliness and Pigmentation commonly succeeded the primary erythema. In many cases, however, these changes were masked by the more profound changes, such as exudation, following large doses of radiation.
Pigmentation often persisted for many months. In a few cases the erythema was followed by the formation of a shallow blister, which either dried up or became a moist surface discharging serum. In a great number of cases the irradiated area became covered with a heaped up dry exudation or crust, resulting from the slow discharge of serum, which dried as quickly as it was discharged. In other cases the rate of discharge of serum did not permit of it drying locally, and thus a moist surface resulted. In a few cases in which the injury was more severe, the discharge of serum from the moist surface was blood-stained.
In all cases these skin reactions were followed by healing, but in many cases permanent alteration of the skin resulted: there was either partial or complete destruction of the hair.
If ulceration of the skin had occurred, accompanied by either a dry exudation or a moist surface, then, after healing, a permanent absence of pigmentation (leucoderma) was frequently observed; this was associated with a thin, glossy, hairless skin, as is often seen in the scars following other skin injuries. A final permanent change in the irradiated skin consisted in the formation of dilated ventules; this was always accompanied by leucoderma, and only followed the severe ulcerations.
The Effects of Exposure to Radium upon the Cutaneous Nodules of Growth.
These varied from complete or permanent disappearance to nto. appreciable alteration. Many intermediate effects were noted: for instance, a temporary disappearance with subsequent recurrence; a temporary diminution in size; a temporary stoppage in growth. Owing however to the small size and varying depth of these nodules, it was found impossible to measure their size from week to week, and thus to follow in detail the growth of each nodule. For this reason observations were confined to the estimation whether or not the nodules had disappeared (to palpation) after exposure to radium. In the tables in Part II the nodules are divided into large and small, and the time of their disappearance is given in days; but in view of the varying size and depth of the nodules, and the variation in the thickness of skin upon different parts of the body, these periods of time can only give a rough indication of the effect of the various doses of radium which were applied. The conclusions in this paper, as regards the effect of radium on the disappearance of these tumours, have been made with this reservation prominently in view. measurements of the radiation emitted by the various radium applicators which have been used, and of the absorption which such radiation suffers by the various screens employed. It has also been necessary to compare the amounts of radiation actually absorbed by the skin and subcutaneous tissues, when exposed to the different types of rays, beta and gamma, which have been utilized. For these purposes,. a gold-leaf electroscope, which has already been described before this Section, was employed. The main feature of the instrument is that the depth of the chamber in which ionization is produced by the rays is varied to suit the particular requirements of the case.
The ionization chamber consists of a cylindrical box B, provided with a window A, covered with very thin aluminium (0001 mm.) When the rays from an applicator are allowed to enter this chamber, they ionize the air in it, and this is indicated by a movement of the gold-leaf in C, which is electrically connected to the electrode in the chamber B. From the rate of movement of the gold-leaf over a graduated scale, accurate measurements may be made of the intensity of the radiation employed, and of the extent to which such radiation is absorbed by filters or by tissues intervening. For such measurement the depth x of the chamber B is generally kept at about 1 cm. When filters are employed with an applicator, the radiation received by the skin is reduced, both by reason of the absorption which the rays suffer and on account of the increased distance of the applicator from the skin. The former is calculated from measurements which have been described. To determine the latter correction, the depth x is reduced to about 1 mm., and the applicator brought up flush with the window A; the ionization is measured, and the applicator now moved back 1 mm. at a time and the diminution of the ionization obtained for .each distance.
It will be seen that measurements made in this way, with a very shallow ionization chamber, provide data which are applicable to the case of radiation incident upon, and absorbed by, the succeeding layers of the skin.
One of the objects of the present study has been to compare the effects produced upon the skin when it is irradiated in such a manner that equal amounts of beta and gamma ray energy are absorbed by it. Roughly speaking, we may say that the gamma rays from a radium capsule screened by 2 mm. of lead are about fifty times as penetrating as the beta rays from the same capsule unscreened; in order that the skin should absorb the same amount of beta and of gamma rays it is found that either the time of exposure in the latter case must be about fifty times that in the former if the same capsule be employed, or in -order that the time of exposure may be the same, another capsule of about fifty times the strength must be employed. It will be seen from the results recorded that quite different effects are obtained when the time of exposure is very prolonged to those resulting from a short exposure using an intense source. Fig. 3 represents diagrammatically a section of skin with a nodule situated a few millimetres below the surface. On the right are circles, the areas of which correspond to the amount of beta and gamma ray energy absorbed by each succeeding layer; on the left are the corresponding circles in th-e case of screened radiation-i.e., of gamma rays only. In both cases it is arranged that the same amount of energy is absorbed in the first layer, 1 mm. in thickness; this, for convenience, we may take to be 100 units. When the attempt is made to adjust the dose of radiation administered so that the skin shall absorb the same amount of beta and gamma ray energy, it will be seen from the diagram, fig. 2 , and the data in Table A , that this can only be done for a single layer, owing to the different degree to which the two kinds of rays are absorbed by the tissues. If adjustment to equality is made for rays absorbed by the top layer of the skin, then the layer, situated at a depth of 5 mm., will absorb about twenty times as much of gamma ray as beta ray energy. It is found, in fact, under these conditions, that rather more profound changes are produced upon the skin by gamma rays than by beta rays, when steps are taken to ensure the equality of radiation absorbed at the surface. It may well be that disturbances which are seen at the surface, are the sum total of the effects produced at the different layers, so that this more marked reaction to the gamma rays is rather to be anticipated if such reaction is simply a question of the amount of energy absorbed by the cells. 
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On the basis of these and similar data for the various capsules employed, a series of quantitative studies (Nos. 1 to 4 in what follows) has been carried out, each of which will receive separate and detailed consideration.
"Comparison of the Effects of Beta Rays, according as a Large -Quantity is used for a Short Time, or a Small Quantity for a Long Time."-For this purpose two capsules of the same area were used: one contained 7 mg. and the other 0018 mg. radium bromide (hydrated). Subcutaneous nodules were exposed to the two capsules and observations subsequently made of the effect of the radiation upon the nodule and upon the superimposed skin. The data are collected in Table I . Attention may be drawn to two findings: (1) The time taken for the reactions does not vary appreciably whether the exposure be two or as much as six hours, but the degree of such reaction corresponds with the length of exposure; (2) there is much less effect upon the skin when it is exposed for a long time to a weak source, than when a strong source is used for a short time. It will be seen that no permanent alteration in the skin occurs when it is given an equivalent of four hours' exposure, using a weak source for a long time; with the strong source, however, this exposure results in loss of hair, leucoderma and the formation of Conditions of Irradiation."-In this series two capsules were used: one contained 7 mg., spread over an area of 3'14 sq. cm., and the other, 24 mg. over an area of 0 5 sq. cm., thus having an intensity 24 4 times greater than the first. The exposures were all based upon the experience gained with the 7 ing. capsule unscreened. Two hours' exposure with this capsule led to a definite clinical picture, the final phase of which was a loss of hair and leucoderma. When a screen of aluminium 1 mm. thick is placed between such a capsule and the skin, the dose of rays received by the skin is reduced to about 13'5 per cent.; consequently in order to adjust the surface dose to equality, the time of exposure must be increased from two to fifteen hours, vide first observation, Table II . Although this dose gave rather a slighter disturbance than when tinscreened rays were used, generally speaking, the reactions observed, whether the rays were screened or unscreened, were essentially of the same kind when the dose absorbed was adjusted to equality. With the small capsule of high intensity, distinctly more marked effects were obtained upon the skin than with the weaker source. This finding is analogous to that recorded in Study No. 1. The source of high intensity appears to be more effective in its action upon the nodule than the weaker source. Whether this be due to the shortened period of irradiation, or to the small size of the nodules which were under observation, it is not possible to say.
Dosage Study No. 3.
"Comparison of the Effects of Gamma Rays over a Wide Range of Intensity of Radiation."-A capsule covered by 1 mm. of lead emits mainly gamma rays; while it is true that there are beta rays of sufficient penetrating power to go through this thickness of lead, such rays form a very small percentage of the beta rays, and in fact of the effects to which the screened radiation gives rise; the secondary radiation emitted by the lead, due to the passage of gamma rays through it, is of a soft type and is cut out by a few layers of stiff paper and lint.
For this series three capsules were used, the 7 mg. and 24 mg. ones already mentioned, with the addition of a third one of just the same dimensions as the 7 mg. one, but filled with radium emanation. As in previous studies, the exposures were all based upon the unscreened radiation series with the 7 mg. capsule: covering this capsule with 1 mm. of lead necessitates increasing the exposure from two hours to about five and a half days, in order that the top layer of the skin shall actually absorb the same amount of energy. Such an exposure, vide Table III , is just as effective in causing the disappearance of the nodules as the shorter exposure to unscreened rays but in an exactly analogous manner to that detailed in Study No. 1-; the effect upon the skin is much less. When the quantity of radiation is increased so that the exposures are a matter of hours, vide 94.5 mg. acting for ten hours (this being equivalent to 7 mg. unscreened for two hours), the effects upon the skin are not less, but rather more pronounced when gamma rays are used than when unscreened radiation is employed. The reason for this is probably not far to seek: a reference to the diagram, fig. 3 , shows that when surface equality of beta and gamma rays is established, the layer at a depth of 5 mm. will be actually absorbing about nine times as much gamma ray energy as that of beta + gamma type. This enhanced reaction obtained with the gamma rays is well seen with an exposure equivalent to one hour. With gamma rays (quantity 32,9 mg., acting for fourteen and a half hours) a typical exudate was produced and the subcutaneous nodule disappeared. Unscreened rays for one hour produced no such effect (vide Table I ). nodules. As the emanation decayed, further applications were made, and a series was completed in which the quantity of radiation varied from that equivalent to 84 mg. radium bromide to as small a quantity ;as 1P12 mg. In this way, data were obtained both of the skin and nodule reactions; they are grouped together in Table IV , and as before, the basis of exposure was made upon the one, two and four hours observations with the 7 mg. capsule. The general trend of the results is to confirm those which figure in Studies 1, 2 and 3. The times taken for the different phases of the skin reaction to appear do not vary very much with the dose administered, but the degree of such reaction does. Again, when a small quantity of radiation is administered for a long time, there is far less disturbance of the skin than occurs with a large quantity applied for a short time. We have not been able to apply a larger intensity of unscreened rays than 84 mg. over an area of 3'14 sq. cm.-i.e., 23'6 mg. per sq. cm. With an exposure of 11X4 minutes to such radiation, the skin became blistered and an exudate appeared in about three weeks, which soon healed. It is a matter for further experiment to decide whether, if ten times as intense a source were applied for 1'14 minutes, there would be produced an equivalent reaction. We are not aware of any data dealing with such very intense sources of radiation.
DIscussIoN OF RESULTS.
There are two facts which have been established, as a result of this study upon dosage:-
The first is that if the skin be irradiated in such a manner that neighbouring portions absorb the same amount of beta ray and of gamma ray energy, then the reactions are of the same kind, but they are generally of a more pronounced degree with gamma rays. This latter is probably to be explained by the fact that when the adjustment is made so that the surface layer absorbs the same amount of the two kinds of rays, the layers at a depth and which contribute to the reaction, absorb more gamma rays than beta rays.
The second fact is, that if the skin be exposed to a large quantity of radiation (beta rays or gamma rays) for a short time, a much more pronounced reaction is observed than if the same dose be so administered that the quantity is small and the time correspondingly prolonged.
The effects observed upon the malignant subcutaneous nodules, however, is not appreciably different in the two cases.
In endeavouring to find some explanation of these findings, it may be useful to state the experimental conditions in another way. If we look upon the radiation employed as an irritant, then it appears that the skin is able to cope with such an irritant, provided it be not too intense, so that when a weak source is employed over a long interval of time the changes observed in the skin are very slight; the action of the irritant is counteracted by some defensive powers of the cells of the skin; in the tumour cells however, this is not the case within the limits of our experimental range of dosage. It appears not improbable that the different effects to which the same amount of radiant energy can give rise, even in the same variety of cells (for instance those forming the skin) according to whether such radiation be employed over a short or a long time, are very intimately bound up with the series of changes which form the cycle of the cells' life-viz., growth to maturity, division and growth once more.
It has been shown by several observers that the stage of cell-life represented by division, is an especially vulnerable one to radiation.
Mottram has shown that the ova of Ascaris megalocephdala are about ten times as vulnerable when in the dividing stage as in the growing stage. Such a factor we may term the " factor of vulnerability"; in view of such a finding and the possibility that it applies also in the case of malignant cells, it appears a desideratum in the clinical application of radium that in the process of irradiation all the cells of the tumour should be in the dividing stage, for in that case they would be irradiated when they were at the condition of maximum vulnerability. The difficulty of obtaining such a condition of things, is the comparatively long time it takes for such cells to complete the cycle of their life. For example, a rapidly growing sarcoma of the rat which we have had under observation for five years, goes through the whole cycle in about four days, say one hundred hours, and the division time is about one hour. This is rather a rapidly growing tumour, yet even in this case it is seen that an exposure lasting four days would be necessary, in order that all the cells should receive irradiation during the phase of division.
From a general consideration of the problem, it will appear that unless the " factor of vulnerability" be something comparable with the ratio of the times, which represent the two main stages of cell life (viz., growth and division), then little advantage is gained by prolonged exposure, except in so far as skin reactions are concerned. Hence it follows that in most cases, the main consideration is that the " growing " cells should receive a dose of radiation which is sufficient to prevent their reaching the dividing stage; such a dose should be more than enough to arrest the process of division in those cells which were in this stage at the time of irradiation.
We have pleasure in recording our thanks to the Radium Institute for kindness in giving us large quantities of radium emanation upon several occasions, for the purposes of this investigation.
DISCUSSION.
Dr. HERNAMAN-JOHNSON: May I call attention to what I term the "timeforms" of tumours. Tumours which appear clinically and histologically identical may differ greatly in the rate and periodicity of their growth. Some years ago I suggested that " time-forms " might be studied experimentally by growing portions of tumours in vitro by Carrel's method. It is well known that apparently similar tumours show wide differences in their response to the same treatment. But that such tumours have similar "time-forms" has not yet been shown. The experiments described in Dr. Mottram's and Dr. Russ's paper approach the same subject from a different angle, and show the varying reaction produced by altering the time factor when applying radiation to the same tumour. Gamma rays are agents producing chemical and electronic changes in the tissues at a certain definite rate per minute. If the body cells are regarded as inert, then it is a matter of no consequence how many minutes, hours or days are occupied in administering a given dosage of rays. But the cell is by no means inert. Chemical and other changes occur in it at a definite rate: and the time-ratios of cell-activity and gamma ray activity cannot fail to have an important bearing upon the results obtained. Briefly, it may be said that statical conceptions of tumours have hitherto held the field too exclusively. Every cell and, consequently, every neoplasm, presents a problem in dynamics; and, in calculating the outcome of opposing forces, it is well known to the physicist that the relative timies during which they act must be carefully taken into account.
Dr. J. A. MIURRAY: Vulnerability and dosage are apparently closely related. A curious parallel exists between the lethal action of radio-active agencies and the similar effect of incubation in vitro at body temperature, when studied in transplantable growths. In experiments carried out in the laboratory of the Imperial Cancer Research Fund, it was found that two separate growths, a carcinoma and a sarcoma, were not equally vulnerable when incubated at body temperature outside the body. The sarcoma, which has a rather higher energy of growth and very much higher resistance to artificially induced immunity than the carcinoma, was found to be much more vulnerable, and it was probable that the greater susceptibility in this case was an expression of interference with the whole metabolic activities of the cells, and not restricted to the single mechanism of cell reproduction.
Dr. R. KNox: I have been greatly interested in the facts submitted to us by Dr. Mottram and Dr. Russ. I should like to show two lantern slides and give the details of technique employed in the treatment of two cases of rodent ulcer C. M., female, aged 57. Rodent ulcer of left upper lip, extending from the margin of the lip to the outer limit of ala nasi, and inwards nearly to the middle line. There was ulceration at the centre with thick crusts at the periphery. The history given showed a duration of nearly ten years, with rapid growth in the last few months. The condition was beginning to give rise to trouble, and it appeared that if something could not be done quickly the ulcer would soon get beyond the reach of treatment. Realizing that the treatment must be vigorous, and that accuracy in the estimation of the dosage was most essential, the following exposure was arranged for: The ulcer was roughly divided into four areas, care being taken to ensure that a good margin of healthy skin all round was irradiated-the central portion received -the greater exposure. Sixty mg. of radium bromide of a high percentage of purity were used in two small platinum tubes of i mm. thickness; these were placed side by side on a thin sheet of lead of i mm. thickness, and two layers of lint placed between it and the skin surface. Each of the four areas received three -hours' exposure, twelve hours in all, the radiations being distributed equally over the ulcer, the central portion probably receiving a portion of the irradiation from all four exposures. A photograph, taken on June 8, 1916, just before the first treatment, showed the condition seen in fig. 1 , a. The treatment was followed by a sharp reaction of almost equal intensity over the whole of the ulcer, with a redness of the healthy skin well beyond the edges of the ulcer. The crusts cleared off, leaving a slightly raised surface-shown in photograph ( fig. 1, b ), taken on
July 17, 1916 . The upper outer edge appeared to be more active than the other portions of the ulcer. A dose of two hours' duration was given to this I under the same conditions of filter as in the first treatment. Progress went steadily on in the right direction. On July 30 a photograph taken (fig. 1, c) showed a marked change: the ulcer was slowly healing; the upper portion *showed a depressed area which did not look like healing. On July 23 a third exposure was given under the same conditions of three hours' duration.
Progress was uninterrupted from that date onwards to September 4, when a fourth photograph ( fig. 1, d) showed the ulcer completely healed. The patient has been under observation up to date, and remains well. This case illustrates the importance of accurate dosage in radium treatment. Over or under dosage might readily have led to disaster. The condition when first seen strongly suggested that if a result could not be obtained quickly the ulcer would break down and extend rapidly. Such at least has been my experience in other cases. The method of overlapping the exposures and ensuring a thorough irradiation of a good margin of healthy tissue was carried out with the idea that if a fairly strong reactive change could be induced clear of the ae .FIG. 2. b.
growth it might help to localize the growth if by chance it tended to increase after the treatment. That is a point which does not receive the attention it deserves in both radium and X-ray treatment. It might be argued with a fair amount of reason that the whole of the healing was the result of an accurately ,calculated exposure. The other two exposures were given to areas of the ulcer which did not appear to be progressing so favourably as one could have wished. Another object was achieved by these succeeding treatments. Small nodules frequently persist for long periods after the larger portion of the ulcer has healed. These are always sources of fresh activity if th6y are allowed to remain untreated. They are also a source of anxiety so long as they persist, so it is sound policy to get them removed as soon as possible. I have frequently been surprised at the rapidity with which small ulcers clear up if they are given a sufficiently strong initial dose. It would appear that all growths have what might be called a critical dose, which is sufficient to induce rapid and uninterrupted healing. If this can be estimated accurately, then all is well, but if the exposure be over or under done, the ulcer either fails to respond or goes on rapidly increasing as a result of the stimulation it has received from the irradiation. Then no two growths seem to possess the same critical dosage value. It is in this direction that the work of Dr. Mottram and Dr. Russ is so helpful to us, and I am certain their work has gone a long way towards clearing up some very difficult problems. I could quote a number of other cases which have surprised me by the rapidity of their progress towards cure, but I shall content myself with one more case, photographs of which you will see on the screen (fig. 2, a, b ).
Corporal Dixon, aged 35. History: An obscure one of having cut the side of his face with a razor twelve months before he presented himself for treatment. A small punched-out ulcer on the right side of the face in front of the ear. He had had various treatments, including zinc and ionization, with no good result. Seen first on October 20, 1916. Treatment prescribed: Brine fomentations for two or three days to clear up the ulcer before giving radium exposures. October 24, 1916: Radium, 60 mg., in two small platinum tubes k mm. thick, with 1 mm. lead and six layers of lint-three hours' exposure. Seen again on October 31, 1916: Crust had formed over the ulcer, there being now no discharge. November 7, 1916: Ulcer healed.; several small nodules around the edges. Further treatment of one hour. November 21: Two hours to upper aspect of area. December 19, 1916: One hour. January 23, 1917: Two hours. March 20, 1917: Two hours. When last seen the ulcer was quite healed and the surrounding skin healthy. (Patient returned for treatment of a small crust on the edge of the ulcer, June, 1917.) These two cases illustrate the importance of an initial dose of sufficient intensity to produce changes of a favourable nature. The improvement was brought about with filtered rays, chiefly the gamma radiation being used, but I have obtained equally good results with unfiltered ra'diations, using a flat applicator with the radium incorporated in a varnish, no filter other than guttapercha tissue and lint being used. The radium was one-quarter the activity of that used in the cases described, 20 mg. of the weaker preparation being used. The exposures were about two hours to an area; this was sufficient to induce a moderate degree of reaction, followed by disappearance of the ulcer or recurrent nodule. I feel sure that when we have had time to absorb the tables given by Dr. Russ we shall be greatly helped in our practical work.
Dr. S. GILBERT SCOTT: Can Dr. Russ say whether in the course of his investigations on radium therapy there is any reason to suppose that cells in the various stages of development are destroyed by the various types of rays emanating from either radium or an X-ray tube ? In other words, will a tumour made up of cells in various stages of development be more effectually destroyed by being bombarded by rays of various penetration, rather than by large doses of one particular type. This is an important point in the question of treatment, for if the former assumption be correct, better results should be obtained from lightly screened radium doses, or by an ordinary X-ray tube, rather than by a Coolidge tube. My impression-from practical experience-is that a tumour disappears more rapidly by using massive doses from an ordinary X-ray tube than from a Coolidge tube.
Dr. S. Russ (in reply): With regard to what Dr. Hernaman-Johnson and Dr. Murray have said concerning the many aspects of what may be termed vulnerability, I entirely concur that one variety of cells may be more vulnerable than another to one agent such as radiation and less so to another such as heat. Many more experiments are required before any kind of generalization can be made upon the subject. In answer to Dr. Scott, I know of no observations which throw any light on the important question as to whether the cell responds to monochromatic radiation in an essentially differernt way to a mixture of rays havinig the same average penetrating power.
